To examine a population-based cohort for the association between clinicopathologic predictors of survival and immunohistochemical markers (IHC), and to assess changes in gene expression that are associated with lymphovascular invasion (LVI). Summary Background Data: LVI has been associated with poor survival and aggressive tumor behavior. The molecular changes responsible for the behavior of gastric cancer have yet to be determined. Characterization of IHC markers and gene expression profiles may identify molecular alterations governing tumor behavior. Methods: Clinicopathologic and survival data of 114 patients were reviewed. Archival specimens were used to construct a multitumor tissue array that was subjected to IHC of selected protein targets. Correlation of IHC with tumor thickness (T status), LVI and prognosis was studied. Microarray analysis of fresh gastric cancer tissue was conducted to examine the gene expression profile with respect to LVI. Results: In a multivariate analysis, nodal status (N), metastasis (M), and LVI were independent predictors of survival. LVI was associated with a 5-year survival of 13.9% versus 55.9% in patients in whom it was absent. LVI correlated with advancing T status (P ϭ 0.001) and N status (P Ͻ 0.001). IHC staining of cyclooxygenase-2 (COX-2) correlated with T status, tumor grade, lymph node positivity, and IHC staining of matrix metalloproteinase-2 (MMP-2) and matrix metalloproteinase-9 (MMP-9). Microarray analyses suggested differential expression of oligophrenin-1 (OPHN1) and ribophorin-II (RPNII) with respect to LVI.
S urgical resection for gastric cancer continues to be the primary modality, with complete locoregional control being the only chance for cure. 1, 2 However, even after potentially curative surgery, up to 80% of patients will develop tumor recurrence. 3 This is compounded by the observation that 65% of gastric cancers in the United States present at an advanced stage, with nearly 85% of tumors accompanied by lymph node metastasis at diagnosis. 4 The incidence of nodal involvement has given rise to controversy with regard to what is considered an appropriate lymphadenectomy. It is unlikely, however, that the issue of lymphadenectomy will be settled in the absence of more specific markers of biologic behavior, which may be used to improve prognostication and provide targets for improved management strategies.
Lymphovascular invasion (LVI) predicts poor outcome in several malignancies, including gastric cancer. 3, [5] [6] [7] [8] In a recent review, 9 LVI emerged as a prognostically promising factor, which independently predicted survival and was associated with advanced T stage, prompting some authors to suggest that LVI should be included in risk stratification and selection of patients for entry into clinical trials. 3, 8 In a follow-up study, our results indicated that LVI was predictive of survival in node-negative patients selected from a population-based cohort, 10 and were in agreement with previous studies examining node-negative gastric cancer, further supporting LVI as a potential marker of biologic behavior. [11] [12] [13] To better understand the role of LVI in gastric cancer, complete delineation of the pathways preceding lymphatic permeation is necessary.
Cyclooxygenase-1 (COX-1) is a constitutively active enzyme, involved in maintaining normal tissue homeostasis, including cytoprotection of the gastric mucosa. 14 Constitutive expression of COX-1 in gastric tissue provides a useful control in protein localization studies. Cyclooxygenase-2 (COX-2) is a rate-limiting enzyme in the conversion of arachidonic acid to prostaglandins. 15 COX-2 is an inducible gene product whose expression is enhanced by stimuli such as inflammation, cytokines, tumor promoters, and growth factors. [15] [16] [17] Studies have shown that increased levels of COX-2 favor malignant growth in many tumor types, including gastric cancer, by giving tumor cells a survival advantage through inhibition of apoptosis and immune surveillance and promotion of angiogenesis. 14, 18 COX-2 levels correlate with lymphatic permeation, tumor thickness, and lymph node metastasis. 14, 16, 17, 19 Recent studies have shown that the signaling protein, integrin-linked kinase (ILK), once stimulated, is capable of inducing expression of invasion-related genes such as COX-2, which is thought to stimulate activation of the matrix metalloproteinases-2 and -9 (MMP-2 and MMP-9), thereby facilitating tumor invasion through degradation of the basement membrane and allowing access to the lymphatic and vascular spaces. 20 -23 We conducted a study in a population-based cohort with gastric cancer in which independent predictors of survival and the presence of COX-1, COX-2, MMP-2, and MMP-9 immunoreactivity were considered for their abilities to predict biologic behavior with respect to T status and LVI. We also conducted gene expression analysis in a small number of gastric tumor samples using oligonucleotide microarray analysis to identify potential genetic determinants of gastric cancer behavior.
MATERIALS AND METHODS

Retrospective Population-Based Cohort
From January 1994 through December 1997, 328 patients with a histologic diagnosis of gastric cancer were entered into the Northern Alberta Cancer Registry. The Registry serves a population of 1.56 million and is updated monthly with respect to survival status and histopathology. A gastric cancer database for these 328 patients was created containing Registry data and supplemented with tumor-and patient-related prognostic factors from patient charts. All patients aged Ͼ18 years of age with primary gastric adenocarcinoma undergoing surgery with curative intent were included. Exclusion criteria included operations for recurrent disease and gastric cancer confined to the gastric cardia, the gastroesophageal junction (GEJ), or the esophagus. The exclusion of proximal gastric cancer was based upon evidence from studies 24, 25 that suggest that tumors within 2 cm of the GEJ are a separate clinical entity from gastric cancers arising elsewhere in the stomach. To ensure that the analyzed cases were as homogeneous as possible, tumors that were judged by the aforementioned criteria to be proximal gastric cancer were excluded. Of the 328 patients, 192 (58.5%) underwent resection with curative intent. Clinicopathologic data and pathologic specimens were available for 114 patients, forming the retrospective study population.
Prospective Population-Based Cohort
Between July 2002 and November 2003, 56 consecutive patients diagnosed with gastric cancer with these criteria (age Ͼ18 years, primary gastric adenocarcinoma, no prior treatment of gastric cancer, and able to provide informed consent) were enrolled into the study. All patients provided consent for the collection of fresh gastric tumor tissue and adjacent normal mucosa for tumor banking in the PolyomX multitumor tissue bank. Thirty-six patients initially diagnosed with gastric cancer were subsequently excluded for the following reasons: 11 (19.6%) cases, despite adequate tumor harvesting, yielded insufficient total RNA for microarray analysis, 4 (7.1%) were subsequently diagnosed as lymphoma, 4 (7.1%) as gastrointestinal stromal tumor, 12 (21.4%) were unresectable at time of surgery, and 5 (8.9%) refused consent. Clinicopathologic and survival data from the Northern Alberta Cancer Registry and patient records of the remaining 20 patients were prospectively entered into a gastric cancer database.
Gastric tumors were classified according to the American Joint Committee on Cancer TNM staging criteria (5th edition). 26 LVI was defined as the presence of tumor emboli within either the lymphatic or vascular channels. Ethics approval was provided by the Health Ethics Research Board at the University of Alberta, Capital Health Region and the Research Ethics Board at the Alberta Cancer Board.
Tissue Microarray and Immunohistochemistry
Original hematoxylin and eosin slides from 114 selected patients in the retrospective cohort were reviewed, and representative tumor regions were marked by an anatomic pathologist. Corresponding paraffin-embedded gastric cancer tissue blocks were obtained. Tissue cylinders with a diameter of 1.0 mm were punched from the marked areas of each donor block with a tissue arrayer (Beecher Instruments) and placed into a recipient paraffin block. Four-micron sections of the resulting multitumor tissue array blocks were transferred to glass slides. The sections were deparaffinized in xylene, rehydrated in graded concentrations of ethyl alcohol (100% 3 times, 80%, 70%, 50%, then water), and then washed in running tap water. The slides were incubated in TRIS (pH 10.0) retrieval solution (DAKO catalog no. S3307) under pressure and heated at 100°C for 10 minutes. The slides were then sequentially cooled, washed in running water for 10 minutes, and incubated in 3% H 2 O 2 and methanol to deplete endogenous peroxidase activity. Finally, the slides were washed in running water for 10 minutes and then placed in phosphate-buffered saline. The multitumor tissue arrays were immunostained with antimouse antibodies (Novocastra Laboratories Ltd, Newcastle, UK) by the avidin-biotin peroxidase complex method. Monoclonal antibodies, purchased from Santa Cruz Biotechnology Inc. (Santa Cruz) and were directed against MMP-2 (monoclonal IgG 1, 2C1), MMP-9, (monoclonal IgG 1, 2C3), COX-1 (monoclonal IgG 2b ), and COX-2 (monoclonal IgG). Tissue arrays were scored independently by 2 pathologists blinded to the clinical outcome of the patients, using a semi-quantitative scoring system adapted from Monig et al. 27 For each antibody preparation studied, the location of immunoreactivity (cytoplasmic, nuclear, or combined) was noted, and staining intensities were graded according to the proportion of positively staining tumor cells relative to a reference sample included on each multitumor tissue array slide as follows: score 0, Յ30% positive tumor cells; score 1, 30% to 70% positive tumor cells; and score 2, 
Microarray Hybridization
Microarray slides of the Operon (Alameda, CA) human 70-mer oligonucleotide set (version 1.1), representing 13,971 genes, were printed by the Gene Array Facility of Genome British Columbia. The oligos were printed in duplicate on each ArrayIt SuperAmide slide (Telechem, Sunnyvale, CA) using a Microgrid TAS 2 (Biorobotics, Woburn, MA) array printer.
Total RNA was isolated from 20 prospective gastric cancer samples using Trizol, followed by purification on an RNeasy column (Qiagen, Mississauga, Ontario, Canada) according to the manufacturer's recommendations. A reference sample was generated from one part normal gastric mucosa added to an equal amount of total RNA prepared from 17 pooled gastric cancers. Microarray slides were probed in triplicate with labeled cDNA prepared from 30 g each of tumor and reference total RNA. Superscipt II was used to prepare cDNA, which was then labeled with fluorescent dyes (Cy3 and Cy5) using an indirect amino-allyl technique. 28 After hybridization, the microarray slides were scanned with an Axon 4000B, using GenePix 3.0 software (Molecular Devices Corporation, Sunnyvale, CA).
FIGURE 1.
A, Immunohistochemical staining of COX-2 in a gastric cancer multitumor tissue array (magnification ϫ10). A, COX-2 immunoreactivity is evident (2ϩ) in the cytoplasm of the tumor cells. B, Immunohistochemical staining of COX-2 in a gastric cancer multitumor tissue array (magnification ϫ10). B, COX-2 negative immunoreactivity.
FIGURE 2.
A: Immunohistochemical staining of MMP-9 in a gastric cancer multitumor tissue array (magnification ϫ10). A, MMP-9 immunoreactivity is evident (2ϩ) in the cytoplasm of the tumor cell. B, Immunohistochemical staining of MMP-9 in a gastric cancer multitumor tissue array (magnification ϫ10). B, MMP-9 negative immunostaining.
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Annals of Surgery • Volume 243, Number 1, January 2006 Analysis of microarray data was performed using the Nearest Shrunken Centroid method. 29, 30 Tumors were classified into LVI-negative and LVI-positive groups, and a binary classifier was built using the specified classes with one clinical parameter at a time. Leave-one-out cross-validation was performed.
Statistical Analysis
Gastric cancer database analyses were undertaken with SPSS statistical software, version 11.0 (Chicago, IL). Patient and tumor factors were entered as categorical variables. Continuous variables were assessed for linearity and, where appropriate, transformed into categorical variables. Survival curves were calculated using the Kaplan-Meier method, then compared using the log-rank test. The association of patient factors, tumor factors, and protein immunoreactivities with disease-specific survival was assessed through the Cox proportional hazard model, applying a purposeful selection method. 31 The significance of the covariates was tested using the Wald test. No variables included in the final model violated the proportional hazard assumption. The association between T status and LVI with protein immunoreactivities was tested using a 2 test. A P value Ͻ0.05 was considered statistically significant.
RESULTS
Clinicopathologic Factors
The clinicopathologic characteristics of the retrospective cohort (n ϭ 114) are shown in Table 1 . The median follow-up Table 1 ). The small number of T4 tumors was related to the exclusion of unresectable tumors, where archival tissue blocks were not available for immuno-histochemical studies. Histologic grade was reported as well differentiated in 7 (6.1%), moderate in 35 (30.7%), poor in 68 (59.6%), and missing in 4 (3.5%) cases. Total gastrectomies were performed in 35 (36.7%) cases, and subtotal gastrectomies were performed in 79 (69.3%) cases. There was no significant difference in disease-specific survival between the total versus the subtotal gastrectomy groups (P ϭ 0.269).
LVI was identified in 68 (59.6%), absent in 37 (32.5%), and not reported in 9 (7.9%) cases. There was a significant difference in the disease-specific 5-year survivals between LVI-positive and LVI-negative tumors (13.9% Ϯ 8.4% versus 55.9% Ϯ 16.7% respectively, P Ͻ 0.001, Fig. 3 ). LVI was significantly associated with both N status (P Ͻ 0.001) and T status (P ϭ 0.001). The relationship between increasing T status and increasing N status with LVI is shown in Figure 4 . The mean number of lymph nodes resected was 9.8 (range, 2-30) during the retrospective study period (1994 -1997) , compared with 13.6 (range, 3-29) during the prospective study period (2002) (2003) . This difference was statistically significant (P Ͻ 0.01).
Gastric Cancer Tissue Array Analyses
COX-2 immunoreactivity was localized predominantly in the cytoplasm of gastric cancer cells ( Fig. 1B) and was not detectable within the tumor stroma. In contrast, COX-1 immunoreactivity was more variable, demonstrating cytoplasmic and/or nuclear localization. The presence of COX-1 and COX-2 immunoreactivity was demonstrated in 64.1% and 82.5% of gastric cancer specimens, respectively. COX-1 immunoreactivity correlated significantly with tumor grade (P ϭ 0.003), whereas 32 (80%) of 40 poorly differentiated tumors failed to exhibit COX-1 immunoreactivity. COX-2 immunoreactivity significantly correlated with T status (P ϭ 0.02) and tumor grade (P ϭ 0.01). Although COX-2 immunoreactivity was not significant with respect to N status, there was a significant association when nodal involvement was stratified into positive versus negative (P ϭ 0.02, Table 2 ) tumor involvement. COX-2 immunoreactivity was signifi- Gender, tumor histology, grade, type of resection, age, COX-2, and MMP-9 were not significant by univariate analysis and are not shown.
Overall P value for covariate: *P Ͻ 0.05; **P Ͻ 0.01. † Borderline significance.
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cantly associated with both MMP-2 (P Ͻ 0.001) and MMP-9 (P Ͻ 0.001) immunoreactivity. Of 114 cases studied, MMP-2 immunoreactivity was absent in 29 (25.4%), weak in 56 (49.1%), and strong in 29 (25.4%) patients. MMP-2 immunoreactivity was preferentially localized to the cytoplasm. MMP-2 immunoreactivity was not associated with any clinicopathologic factors examined ( Table 2) . MMP-9 immunoreactivity was localized primarily to the cytoplasm of gastric cancer cells (Fig. 2B ) with little to no stromal staining. Of 114 cases studied, 32 (28.1%) had no immunoreactivity, 56 (49.1%) had weak staining, and 26 (22.8%) had strong staining ( Fig. 2A ). MMP-9 exhibited borderline significance with both T status (P ϭ 0.07) and lymph node positivity (P ϭ 0.08).
There was a significant association in the pattern of immunoreactivity between MMP-2 and MMP-9 (P Ͻ 0.001), where there was concordance in the immunoreactivity in 64.5% of tumors with weak staining, 63% with moderate staining, and 48.3% among tumors staining strongly with MMP-2 and MMP-9. Table 3 shows the results of the univariate and multivariate Cox proportional hazard model. In the univariate analysis T, N, M, LVI, esophageal margins, tumor size, residual tumor status (R status), and COX-1 and MMP-2 immunoreactivity were significantly associated with survival. In contrast, gender, age, histologic subtype, tumor grade, type of surgical resection, and immunoreactivity of COX-2 and MMP-9 were not significant prognostic factors.
Univariate and Multivariate Survival Analysis
In multivariate analyses, M status was the most significant independent prognostic factor (P Ͻ 0.001), followed by LVI (P ϭ 0.013, Fig. 3 ) and N status (P ϭ 0.033). MMP-2 was a borderline significant (P ϭ 0.053) predictor of survival.
Gene-Expression Analysis
The clinicopathologic characteristics of the microarray cohort (n ϭ 20) are shown in Table 1 . The gene-expression analysis was undertaken to determine if patterns in the gene expression profile relate to the LVI status of the samples studied. LVI was present in 15 (75.0%) and absent in 5 (25.0%) tumors analyzed. Unfortunately, it was not possible to construct a classifier that could reliably predict LVI; this may have been due to the small sample size. Nevertheless, the gene-expression profile and reported gene functions of the genes whose class means differed most between the 2 classes are shown in Table 4 . The 6 genes whose class means had the greatest expression in LVI-positive relative to that in LVInegative cases, included genes associated with proteolysis, G-protein modulation, and cell-adhesion/migration. Conversely, 4 genes whose class means had the least expression in LVI-positive relative to that in LVI-negative cases are shown in Table 4 . Of these, the most biologically relevant was ribophorin-II, which is associated with a glycosyl transferase involved in T-cell activation. 32 
DISCUSSION
This study examined the clinicopathologic predictors of survival in a population-based cohort and correlated these factors on tissue arrays for marker protein immunoreactivity. In addition, oligonucleotide microarray analyses were conducted to look for gene expression patterns that could be correlated with clinical parameters such as LVI.
The incidence of LVI in gastric cancer varies from 5.4% to 86%, with the lowest incidence reported in patients with node-negative tumors. 12, 33 In our analysis, 59.6% of patients resected for cure were found to have evidence of LVI. LVI has previously been reported to be an independent risk factor for long-term survival 34 and for the risk of lymph node metastasis. 35 It has been suggested that LVI may be a clinically useful marker of biologic aggressiveness. 13 This Kruppel-related Zinc finger* ZNF300 Transcription factor; mRNA transcription 288928 10
Nucleolar autoantigen* SSA1 Zinc finger; transcription factor 1042 Differential gene-expression profile of patients with primary gastric adenocarcinoma. The listed genes are those with the greatest differential expression relative to the pooled sample from 17 individuals. The genes are listed in rank order. Approximately 2000 genes were included on the microarray platform, with 938 genes included in the final analysis. *Overexpression. † Underexpression. observation was subsequently supported in a study by Hyung et al, 12 which showed LVI to be an adverse prognostic indicator, independent of clinicopathologic factors in nodenegative gastric cancer. This study concluded that LVI may provide useful information for prognosis and clinical management in the subset of patients with node-negative gastric cancer. 12 More recently, Kooby et al 11 showed that vascular invasion in node-negative patients was an independent predictor of poor outcome and identified more aggressive lesions independent of tumor size and depth of invasion. This finding was consistent with our earlier results, in which a subgroup analysis demonstrated that LVI was independently associated with poor outcome in node-negative gastric cancer. 10 Our earlier studies differed from the present one in that we included all patients with gastric cancer resected for cure, regardless of nodal status. By multivariate analysis, our results indicated that N status (P ϭ 0.033), M status (P Ͻ 0.001), and LVI (P ϭ 0.013) were independently associated with survival in patients with resected gastric cancer. This observation is supported by Talamonti et al 3 who recently showed that, along with other clinicopathologic factors, LVI is independently associated with disease-free survival. The latter study reported 5-year overall survival rates of 26.2% in LVI positive compared with 49.9% in LVI-negative tumors. In the present study, we demonstrated a strong correlation between LVI and T status (P ϭ 0.001, Fig. 4 ) and N status (P Ͻ 0.001). Furthermore, we showed that patients with LVI had significantly worse 5-year survival compared with LVI-negative tumors (13.9% Ϯ 8.4% versus 55.9% Ϯ 16.7%, respectively, P Ͻ 0.001, Fig. 3 ).
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Examining protein immunoreactivity provides an opportunity to correlate observed clinicopathologic characteristics with specific gene products governing tumor behavior. The present study demonstrated a significant association between COX-2 immunoreactivity and gastric cancer with respect to depth of tumor invasion, tumor grade, and the presence of lymph node involvement. Tumor grade 14, 18 and depth of tumor invasion 14, 17, 18, 36 have been previously shown to correlate with COX-2 expression in gastric cancer. It has been proposed that the activity of COX-2 is facilitated through enhanced activity of the matrix metalloproteinases. 16 In the present study, we showed a significant association between COX-2 and MMP-2 (P Ͻ 0.001) or MMP-9 immunoreactivity (P Ͻ 0.001), which was consistent with the results of gene transfection studies that showed that COX-2 expression increased the metastatic potential of colon cancer through activation of the MMP-2. 37 It has recently been demonstrated that COX-2 and the MMPs are up-regulated following mitogenic stimulation of phosphoinositide 3-kinase (PI3K). 20, 38 Activated PI3K is thought to act through a pleckstrin homology domain (PH) of an integrin-linked kinase (ILK) with subsequent activation of protein kinase B (PKB/Akt). 23 Once activated, PKB/Akt up-regulates the transcriptional factor NF-kB. 23, 39 Importantly, MMP-9 has been shown to be expressed in a NF-kB-dependent manner. 23, 39 The observed association between COX-2 and MMP-9 may therefore suggest a role of COX-2 in the activation of MMP-9 as previously suggested. 23, 39 We did not show an association between COX-1, COX-2, MMP-2, or MMP-9 immunoreactivity and LVI. MMP-9, however, demonstrated borderline significance with both lymph node positivity and depth of tumor invasion, as previously shown. 21, 40 Overall, this pattern of expression was consistent with the concept that both COX-2 and MMP-9 may function at an early stage in gastric cancer, thereby giving invasive cells a survival advantage through early access to the lymphatic and vascular spaces, facilitated through degradation of the basement membrane. 21, 40, 41 Furthermore, there was a significant concordance between MMP-2 and MMP-9 immunoreactivities, perhaps suggesting codependence in the process involved with tumor penetration and LVI.
Oligophrenin-1 is a GTPase-activating protein that stimulates GTP hydrolysis of signaling intermediates such as Rac1. 42, 43 Once activated, these intermediates regulate functions such as cell-cell and cell-matrix adhesion, membrane trafficking, and transcriptional regulation. 43 Recently, Oligophrenin-1 was demonstrated in the enteric plexus, where it was hypothesized to be involved with gastrointestinal disease and recovery after injury. 42 Pinheiro et al, 44 using cDNA microarray analysis, demonstrated its overexpression of in colorectal tumors. In the present study, we identified the gene encoding Oligophrenin-1 in gastric cancer tissue to be differentially expressed in tumors exhibiting LVI. Although its exact role in gastric cancer is unknown, previous studies have shown the ability of Oligophrenin-1 to activate Rac1. 45 Rac1, following stimulation by PI3K, activates the Akt/PKB intracellular pathway mediating cellular migration and invasion through MMP-9 modulation. 39 Interestingly, Oligophrenin-1 contains a pleckstrin homology domain (PH), and some PH domains bind PI3K products with high affinity. 46 The differential expression of the Oligophrenin-1 gene in colorectal cancer, 44 gastric cancer, 47 and in the present study provide potential insight into the behavior of gastric cancer. The association between COX-2 and MMP-9 immunoreactivities observed in the present study, in view of the proposed pathway of MMP-9 activation, makes OPHN1 an interesting candidate for future studies with respect to LVI.
The late events of T-cell activation are thought to be associated with N-linked glycosylation, mediated by an oligosaccharyltransferase (OT), 32 a protein complex consisting of ribophorin I, ribophorin II, and a 50-kDa protein. 32 OT activity has been show to increase 10-fold during cytotoxic T-cell activation, and tumor-infiltrating lymphocytes produced up to 20-fold more glycoprotein than resting lymphocytes when stimulated by OT. 32 Since the majority of tumors express major histocompatibility complex type I, they are susceptible to destruction by activated T cells, 48 which therefore play a key role in immune surveillance and antitumor activity in many human malignancies, including gastric cancer. 48 -51 In the present study, when examining the class means of LVI-positive relative to LVI-negative gastric tumors, we identified ribophorin-II, a protein that has not been previously documented in gastric cancer. Maehara et al 50 suggested that when gastric cancer cells advance into the lymphatic space, an immunosuppressive activity is exerted and local defense mechanisms are suppressed. The precise role of ribophorin-II in gastric cancer is not known. The reported role of immune surveillance in mediating antitumor activity makes the documentation of ribophorin-II expression in gastric cancers exhibiting LVI of considerable interest for future studies.
CONCLUSION
This study demonstrated the significance of LVI as an independent predictor of survival in a population-based cohort of patients with gastric cancer. We also document a significant association between COX-2 abundance and T status, tumor grade, lymph node positivity, and MMP-2 and MMP-9 abundance. Finally, we have presented preliminary findings from gene expression profiles of gastric cancer patients, which revealed the expression of oligophrenin-I, a gene product potentially involved in mediating cellular migration and invasion of cancer cells through basement membrane. In addition, we demonstrated the expression of ribophorin-II, a protein complex involved with T-cell activation, immune surveillance, and potential antitumor activity. The identification of these gene products provides potential insight into the biology of gastric cancer. More detailed microarray and tissue array profiles, using larger sample sizes, are needed to clarify the role of the molecular alterations identified in this study in gastric cancer.
